51% (CI 48-55; n = 10), respectively. Adherence is associated with ESS score [hazard ratio (HR) 0.60; CI 0.47-0.78], ODI (HR 0.50; CI 0.32-0.77) and AHI (HR 0.56; CI 0.37-0.85). In yearly cohorts according to inclusion date, the absconder rate at 6 and 12 months was 20 (CI 18-22) and 27% (CI 25-30) for the first 8 years and improved to 10 (CI 7-15) and 14% for the last 2 years, respectively. Conclusions: Long-term adherence to PAP in OSAS is associated with baseline measures of disease severity. After 2009, an improvement in the adherence rate was observed.
Introduction
Obstructive sleep apnea syndrome (OSAS) is a prevalent sleep disorder, estimated to affect 4% of middle-aged men and 2% of women [1] . The main symptom of OSAS is increased daytime sleep propensity. OSAS is associated with road traffic accidents [2] , arterial hypertension and metabolic syndrome [3, 4] . Untreated OSAS is associated with increased cardiovascular morbidity and mortality [5] .
The standard treatment for OSAS, continuous positive airway pressure (PAP) applied via a nasal or facial mask [6] [7] [8] , has been shown to normalize sleep and breathing. Regularly used PAP normalizes daytime functioning [2, 9] , improves metabolic syndrome and arterial hypertension [3] , and reverses excess morbidity and mortality [5] .
One major challenge in OSAS treatment programs is the education of patients in PAP use. A systematic review of 17 published studies on cognitive behavioral interventions to improve PAP usage concluded that after 4-12 weeks, in the control groups, only 15% adhered to PAP, compared to 46% [95% confidence interval (CI) 68-25] in the cognitive behavior groups [10] . On the other hand, 63% adherence after 13 months in 303 patients [11] , 68% after 5 years in 1,155 patients [12] and 81% in 639 patients after 5 years were reported [13] in single-center studies.
We systematically analyzed OSAS patients, diagnosed over a 10-year period at Kantonsspital St.Gallen, St. Gallen, Switzerland, to determine the quality of our routine practice over several years and to analyze the data for potential predictors of PAP adherence.
Setting, Patients and Methods
At Kantonsspital St. Gallen, a tertiary hospital in Eastern Switzerland, a multidisciplinary sleep center, led by the Pneumology Division, opened in 2001. Referrals with suspected OSAS filled out the Epworth sleepiness scale (ESS) form [14] and were assessed by a sleep specialist. If indicated, a fully supervised in-house polysomnography (PSG) recording was performed with a commercially available monitoring system [Mepal, MAP Medizin-Technologie, Martinsried, Germany Outcome variables for the diagnosis of OSAS were the apnea-hypopnea index (AHI) and the oxygen desaturation index (ODI). The AHI was defined as the number of apneas (>80% reduction in the flow signal for >10 s) and hypopneas (>50% reduction in the flow signal for >10 s, followed by a desaturation of ≥ 4% or an arousal) per hour of sleep. Depending on clinical complaints, symptomatic patients with an AHI of >5 events/h of sleep were advised to use PAP.
PAP instruction was performed in an inpatient setting by an experienced nurse. One to 5 patients arrived for an explanatory 1-hour session, repeating the pathophysiological principles of OSAS, followed by 2 h of testing the mask and PAP in bed. In the first night, nocturnal pulse oximetry (SpO 2 ) and automated PAP titration (Sullivan Autoset T) were applied. The nurses of the sleep center went on an hourly round to check if patients felt well and optimized mask fitting if necessary. For the following period, a fixed pressure or an automated PAP pressure range was chosen at the discretion of the sleep specialist. After 2-3 overnight stays, patients were discharged for home PAP. The PAP device was rented from the Swiss Lung Association (SLA), covered by mandatory health insurances. Patients were instructed to use PAP regularly, whenever they sleep.
The SLA was in charge of the technical PAP device function and performed readouts of information on objective PAP use, leakage and the persistent AHI. The SLA regularly assessed adherence and offered available features possibly improving adherence, in cases where the hours of PAP use were unsatisfactory, e.g., auto-CPAP setting, expiratory pressure release functions, full face masks, nasal decongestions, sleeping pills, and others. During the first year, a consultation at the SLA office was performed at least 1 and 6-8 months after treatment start and once yearly thereafter. The retrieved information was sent to the sleep center, together with SpO 2 results during PAP usage. The sleep specialist at the center analyzed the information and decided if a physician consultation was necessary.
We used our electronic patient chart system (Phoenix ® ) and exported all patients with contact at the Pulmonary Division of the sleep center between November 2001 and November 2011. All paper charts were screened manually and anonymized information was entered in an ACCESS database: demographic information, ESS score and PSG results. For follow-up data, information of the last contact with the SLA or the sleep center with readouts of the PAP device and results of a pulse oximetry were entered. Patients were counted as PAP users if they were using PAP for at least 1-2 h/night and were willing to continue PAP. Patients not using or not willing to use PAP had to return the device to the SLA and were counted as PAP absconders at the time they left the device at the SLA. For patients no longer using PAP, the reason for withdrawal was collected, if available.
Statistical analyses were performed with R statistical software (version 2.9.0). Data are expressed as medians and interquartile ranges (IQRs). The primary dependent variable of interest was the continued use of PAP. Continuous variables are presented in the quartiles of their distribution. We modeled the risk of loss of adherence with Kaplan-Meier estimates. The median follow-up time was determined using the reverse Kaplan-Meier estimator. To identify potential predictors, multivariate Cox proportional hazard regression was performed on the quartiles as well as on the continuous variables age, gender, ESS score, AHI and ODI at baseline. The evolution of the rate of PAP adherence over time was analyzed by comparing annual patient cohorts looking at the percentage of patients discontinuing PAP within the first year with Pearson's χ 2 test, adjusted for disease severity (AHI, ODI) using logistic regression.
The study was approved by the ethics committee of St. Gallen, Switzerland (EKSG 13/036).
Results
PAP treatment was started in 2,187 polysomnographically confirmed OSAS patients, and follow-up information was available for 1,890 patients ( fig. 1 ). Excluded from analysis were 42 patients known to have died while using PAP and 92 (5%) patients no longer in need of PAP because they lost weight (47, 2.5%), used an intraoral appliance (40, 2%) or were cured from OSAS after surgical intervention of the upper airways (5, 0.3%). Baseline demographic data and PSG results of the remaining patients are summarized in table 1 . The median follow-up time was 36.0 months (95% CI 33.6-37.8). The observed overall PAP adherence in 1,756 patients was 73% (CI 71-75; n = 1,028) at 1 year, 55% (CI 53-58; n = 281) at 5 years and 51% (CI 48-55; n = 10) at 10 years ( fig. 2 ) .
At the last follow-up visit of 1,113 patients on PAP ( table 2 ), 1,026 (92%) were treated with CPAP, 474 (43%) were on a fixed pressure and 552 (50%) on automated pressure settings. The applied mean pressure was very similar in both treatment modes, with a median value of 9 and 9.4 hPa, respectively. The proportion of OSAS patients who had switched to noninvasive ventilation or to adaptive servoventilation because of hypoventilation or complex sleep apnea was 8% (n = 87). The average usage of PAP was 6 h (IQR 4.3-7.1), with 19% using the device for <4 h and 5% for <2 h/night, respectively. Nocturnal home pulse oximetry confirmed well-controlled OSA with a median saturation of 94%, a median ODI of 3 events/h and a saturation of <90% at <1% of the time, all within normal range ( table 2 ) . During PAP treatment, an ODI of 5-10/h was observed in 13% and an ODI of >10/h in 11% of patients. PAP users were split according to the quartiles of PAP use per night ( table 2 ) . Older patients tended to use PAP longer. A correlation between longer PAP use and follow-up ESS scores, with significantly lower median scores for patients using PAP for more hours per night on average, was observed ( table 2 ) .
Predictors of Adherence For 1,395 OSAS patients with complete datasets, demographic characteristics and potential predictors of PAP discontinuation are shown in table 3 . In the multivariate model, correcting the relative risk for other variables potentially predicting adherence, the adjusted hazard ratio (HR) with the 95% CI for the risk to stop PAP is displayed. The ODI was a significant independent predictor of PAP adherence, with an increase in adherence for higher ODIs. The quartiles of ESS have nonlinear HR reduction with the lowest likelihood for stopping PAP in patients with a score of 11-14, while scores of >14 are associated with a relatively higher probability to stop PAP. Other significant independent predictors of adherence were overweight, with a body mass index (BMI) between 27.4 and 30.5 and a very high AHI of >66 events/h ( table 3 ; fig. 3 ). In a multivariate analysis treating all variables as continuous, ODI and AHI were significant independent predictors of adherence, while age, gender, BMI and ESS score were not ( table 3 ) .
Adherence Evolution in Annual Cohorts
The rate of PAP discontinuation was independent from the starting date in the period 2001 to 2009, with an average of 27% (95% CI 25-30) of patients discontinuing within 1 year. A significant improvement in the 1-year adherence rate was observed for the 259 patients starting PAP over the last 2 years (p < 0.001), with an average of 14% (CI 10-19) of patients discontinuing within 1 year ( fig. 4 ) . The difference for the last 2 years is also significant after adjustment for disease severity (AHI, ODI) by logistic regression. The absconder rate at 6 months was 20% (CI 18-22) for the first 8 years and improved to 10% (CI 7-15) for the last 2 years. 
Discussion
The analysis of our large OSAS cohort resulted in an observed median adherence of 74, 55 and 51% at 1, 5 and 10 years, values considerably higher compared to most short-term treatment results reviewed in the Cochrane library [10] and somewhat higher than the results of a recently reported French cohort with 59% of 1,141 PAPadherent patients after an average of 504 days of followup [15] and slightly below the 68% observed in 1,155 patients reported in 1999 [12] . The highest adherence rates were reported in a cohort of 639 patients treated in Oxford, UK, with a 5-and 10-year adherence of 81 and 70%, respectively [13] . However, the Oxford cohort is considerably different, due to variations in the clinical algorithm followed. While in the UK only patients with a high ESS score were started on PAP, we followed a more liberal routine, allowing patients with low ESS scores for PAP. This is reflected by a large difference in the median ESS score of 15 (IQR 12-18) for the Oxford cohort, compared to a score of 11 (IQR 7-14) in our patients. The ODI of 28/h (IQR 14-48), measured with full-night pulse oxymetry, was also higher for the Oxford cohort, with 25/h of sleep (IQR 11-49) in our cohort. These differences in subjective and objective disease severity and methodological variations in the retrospective recruit- AHI events/h ment of charts explain the observed differences in adherence [13] .
Differences in diagnostic and treatment algorithms may account for adherence variations in short-term cohorts. For example, a sleep specialist consultation prior to PSG, which was our routine practice, significantly improved 30-day adherence in a cohort of 403 OSAS patients treated in Chicago [16] . In line with previous reports [13] , we also found that the likelihood to stop PAP is highest at the start of treatment and fades with the duration of treatment, approaching a very low absconder rate after 2-3 years. The PAP treatment in use at the last patient visit with a median PAP usage of 6 h/night and a median ODI of 2.5 events/h reflects an excellent correction of OSAS and is in line with the ESS score of 7, a normal value for German-speaking Swiss patients [14] . In our cohort, the use of treatment modifications aimed at increasing adherence was considerable, with half of the patients using automated pressure settings [17] and humidifiers.
As expected and reported previously [13, 15] , age and gender were not related to adherence. Interestingly, we found that the correlation between the ESS score and the adherence rate is nonlinear, with the best adherence for ESS scores between 11 and 14. This is in line with previous studies [13, 15] , where no linear correlation between ESS score and adherence was found. The observation of a nonlinear correlation leads to the hypothesis that very high ESS scores may be related to additional diseases, hindering the success of PAP, for example alcohol consumption, short sleep duration or psychiatric disorders. Objective measures of disease severity, as expected and reported previously for ODI [13] and AHI [15] , are strong predictors of adherence. Overweight patients with a BMI between 27 and 30 were more likely to adhere to PAP than normal-weight and obese patients, an observation in line with a previous study, where a high BMI was related to non-adherence [15] .
The 1-year adherence rate over the first 8 years was stable but improved significantly for the last 2 years. Possible reasons include a more stable management of the unit, an increased awareness for adherence targets in the nursing team, induced by the quality reassurance project of this study, and improvements in PAP materials. Many technical advances in machine design with new features, improved noise characteristics and comfortable masks were developed and introduced in Switzerland. In the last 2 years, the last generation of devices and masks were in use at our center.
Limitations of the Study
The study was performed with retrospectively collected data, and objective assessments of vigilance and sleep quality (attention tests or maintenance of wakefulness tests and follow-up PSG under CPAP) were not performed. However, a subjective measure of daytime sleep propensity (ESS) and objective measures of treatment quality (overnight pulse oximetry and device readouts of AHI) confirmed treatment success in an operational setting. Due to the characteristics of this retrospective study, it was not possible to weight the effect of variations in treatment settings (mask type, pressure levels, constant or fixed pressure), because all possible settings aimed at improving patient comfort were applied, and novel and innovative techniques were biased in patients difficult to treat. On the other hand, the study is likely to reflect the clinical routine in other OSAS treatment programs. The 1-year adherence rates reported here might serve as a measure for quality assurance to such programs.
Conclusion
In a large cohort of OSAS patients, we report treatment results for all patients diagnosed during the last 10 years. Given the relatively high long-term absconder rate of almost 50% at 5-10 years, efforts to improve adherence should be intensified, especially at the beginning of treatment. Many patients that stopped PAP, although still likely to suffer from OSAS [18] , could not be treated by alternative modalities and were lost to follow-up. Prospective studies on strategies to support such patients, likely to be affected with increased morbidity and mortality [5, 19] , are needed.
